The repair of double-strand breaks, caused either by endogenous cellular metabolism or exogenous DNA damaging agents, is critical for the maintenance of genome integrity. It is becoming increasingly clear that an efficient cellular response to this most life-threatening of all DNA lesions requires covalent modifications to both histone and non-histone components of the genetic material. In this respect, the double-strand break response is no different to many other nuclear processes, such as the establishment of heterochromatin or transcription, which require their own specific chromosomal 'marks'. These marks consist of small chemical groups, such as phosphate, acetyl or methyl moieties, or even small proteins, such as ubiquitin or SUMO, which can then be used as docking sites for nuclear proteins specific to the nuclear process they regulate. These marks on histone proteins have been dubbed the 'histone code'.
break [1] . H2AX makes up about 10% of the total histone H2A in a mammalian cell and is very rapidly phosphorylated after DNA damage on residue Serine 139 near its carboxyl terminus. Yeast and mouse cells engineered to produce non-phosphorylatable forms of H2AX were shown to be moderately sensitive to a range of DNA damaging agents, indicating that this histone variant has a role in the damage response.
Mammalian γ γ-H2AX is associated with organized and dynamic assemblies of damage response factors, such as Nbs1, Rad51 and Brca1, which have been visualized by immunostaining or green fluorescent protein (GFP) epifluorescence microscopy. These supramolecular structures are termed 'foci'. γ γ-H2AX is believed to facilitate the recruitment of a subset of damage response proteins [2] , but a specific role for this histone mark has remained elusive. In this regard, it is important to note that microscopically determined co-localisation of proteins with γ γ-H2AX in foci does not necessarily imply their direct interaction, as a microscopically visible 'focus' represents a spatial volume containing many thousands of proteins.
Using the technique of chromatin immunoprecipitation (ChIP), where specific regions of the genome are purified from bulk chromatin via precipitation of proteins that bind to these regions, studies in budding yeast have now defined a role for γ γ-H2AX [3-5]. Genetic manipulation of the HO endonuclease, whose natural role in budding yeast is in mating-type switching, allows yeast researchers to generate a single double-strand break at any defined location in the yeast genome. By using an antibody specific for the γ γ-H2AX modification or for different damage response proteins, the region around the induced double-strand break containing γ γ-H2AX can be determined and compared with the region bound by specific damage response proteins [3,5].
As reported in Current Biology a short while ago, Shroff et al.
[5] examined the spatial distribution of γ γ-H2AX and Mre11, a protein involved in both damage signaling and repair [6], around a specific double-strand break. They found that γ γ-H2AX formation was very rapid and occurred in a broad region flanking the double-strand break, ∼ ∼100 kilobases in total, reaching maximal levels by 60 minutes (Figure 1) . A striking exception to this pattern of modification was the 1-2 kilobase region immediately adjacent to the break, in which significant levels of γ γ-H2AX could not be detected. In contrast, most of the Mre11 protein recruited to the break was found within this 1-2 kilobase region, a distribution similar to that reported for other proteins directly involved in homologous recombinational repair [7, 8] .
Other DNA damage signaling proteins -Mec1/Ddc2, Rad9 and Ddc1 -have also been reported to associate with sites within 1-2 kilobases of a doublestrand break [9-13]. The low γ γ-H2AX ChIP signal close to the break appears not to be due to lack of the histone substrate for 
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Chromatin region corresponding to a focal structure? (Figure 1 ). This post-replicational role for γ γ-H2AX appears evolutionarily conserved; γ γ-H2AX also regulates damagestimulated sister chromatid recombination in mouse embryonic stem cells [18] .
Why is it so important to channel double-strand breaks into sister chromatid recombination? In G2 cells, the use of an undamaged sister chromatid to mediate error free recombinational repair of a double-strand break would prevent translocations and other gross chromosomal alterations of the kind frequently seen in cancer cells. Thus, this form of homology directed repair of double-strand breaks will help to maintain high level of genome stability, even though immediate cell survival may be only minimally affected in its absence, because of other repair mechanisms.
The pattern of H2AX phosphorylation around a single double-strand break suggests that there is a very rapid outward spread of this histone modification from a break, but precisely how this is propagated, particularly over the large distances observed, remains unknown. Movement of the broken chromosome ends, together with attached PI3KKs, might result in H2AX phosphorylation near the break, but this seems unlikely as a mechanism, as it might also result in phosphorylation of neighboring chromatids within the local subnuclear region.
Alternatively, active PI3KKs might be released from the break and, while diffusing away, phosphorylate any exposed H2AX carboxyl termini. But once again, in this passive diffusion model there is nothing to prevent neighboring chromatids within the zone of diffusion from being phosphorylated. An attractive possibility is that active PI3KKs might be tethered to a processivity factor, allowing rapid two-dimensional diffusion outwards from the break specifically along the broken chromatid. An obvious candidate is the PCNA-like checkpoint sliding clamp and it will be interesting to examine this possibility in the future.
Elucidation of the role of γ γ-H2AX, the first component of a DNA damage-specific histone code is ongoing. So far the evidence points to a role (or roles) in organising DNA repair, by regulating sister chromatid cohesion and perhaps recruiting other factors required for efficient error-free sister chromatid directed DNA repair. Recently, other damage-specific histone marks have been identifiedsuch as methylation of lysines 79 and 20 of histone H3 and H4, respectively [19, 20] -and these appear to function in the earliest stages of damage detection. Many more intriguing DNA damage-specific modifications to histones, as well as non-histone components of chromatin, are undoubtedly awaiting discovery. 
